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Optimization Design of Stretch Blow Molding Process of Medical Microballoon based on Orthogonal Test
Dai Guanghui, Zhang Qingqing, Jin Guobao
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Abstract : An orthogonal experiment with factor interaction was designed and implemented with the level range of each factor
was further narrowed based on the completion of Taguchi-orthogonal test and extreme value analysis, taking the four stretch blow
molding process parameters of molding temperature,, molding pressure, stretching distance, and holding time as optimization objects
to improve the uniformity of wall thickness and molding stability of medical microballoons. The interactive test results show that
the interaction of molding temperature and molding pressure, as well as molding temperature and stretching distance, have obvious
effects on the wall thickness uniformity of the balloon. The molding experiments and measurement statistics were performed based
on the optimized parameters obtained from these two orthogonal tests. It can be found from the comparison that the average value
of the balloon wall thickness uniformity under the optimization results of the interactive orthogonal experiment is 96.03%, which
is slightly higher than that of the Taguchi orthogonal experiment, and the difference between these two experiments is 0.17% ;
however, the variance of the balloon wall thickness uniformity under the former test is reduced by 10.58% compared with the latter,
which shows the great difference between these two tests and indicates that the optimization results of the interactive orthogonal
experiment improve the ball stability of ball molding.

Keywords : medical microballoon ; stretch blow molding ; process optimization ; orthogonal experiment ; interaction

AR, N AT ARG 2l 5 30/ e FEAEM . H AT, 3 E ROk g il i 52 42 s il
LR o ARG B IO SBIAEI AT BB ZEORBIRZNE W RAHXTRS , KR 37 fhid
R TARZ S, ROk N ATy BBt 1, = B BR 1 1T e B S A BT S
AR Lo A B, FER T V78 ISk IS ABIE (25 WRSE AR
W SRR S K AT SR AL S A R AR SRR AR SR W R e b, T2 A

E R HE B8 R BRI 8 R H (KJ2018ZD045) , LM 2=BeA = AT 98 8 fi35 H (XLZ-202001), L2 e 8 5050 F 0 H (kj20zsys03)
BIEVES  (OBME, PHIT, LT )7 17 R SR 2
W B #A: 2021-03-11
SIAES: FOWHE, SKASRE BT 5 5 T IE AR 1 B Ok B A3 (9], TREHURHI, 2021, 49(6) - 78-83.
Dai Guanghui, Zhang Qingqing, Jin Guobao. Optimization design of stretch blow molding process of medical microballoon based on

orthogonal test[J]. Engineering Plastics Application,2021,49(6) : 78-83.


杨超


ARIEHE 5+ T TE AR 0 T P AR AE Bk 90 A 3 79

G — FLARSE A A O B A, [R) I 2 — T EL Bk
AR 1 AR, B8 0 A 37 ot e 8 sl 28t A 51 B
PN A — S22 2 AN [R) £ B AN [) 7 9 X ek 22
FrApYE RS T 23T TR, U T — ik, X
SERIFGY FE B TP AR T BUE R {5 LS R T
S 4 R R A ST T, AR BB i Y,
B TR G YR BRI Bl it B2 ok v i
ARG, SR A I8 i Bl 3l B o6 R B Beh A o
Bl TG GUHUREE G KA AR DB AR Gl 1y
WFFE IR A% J , 2 P MR 4 0 SR A 3 AR 4 7l
DAHERR A , BRI T GOk SR A e 28 iy 38 434
B AL . 75 Bk AR S a6y ', R
WK HE 77 A3 A He B [ PO AN PR R 12 Ao
B PRI ZR X 2 FH TR 1) o AR A s i 45 5, 10
et — S B R (R R e S T 200 s ek
P AR R G EHEIE LR 2, A AESE .

EFWE LR TS, R HOE s ik ik Tt
WIS T 28, 38 A AR AR 2 A R Bk 2 v A vk 98
RS R R R ) R A g A R ] Y
D FETESENRACA G, I Btk 2540/
R IM7KFE B, 5 R 2 58 BAE Y IE A s
TrE IRBGHT S0 S ECAA, B W L AeBr s 2 G
T 28 G T kel 45
1 RBEXE
1.1 sREHIA

JITAIE S 1 B Tk 30 S — R, PR ok 2 , LA
FRRENE I K 21 FL I 4R R /N LA, 9 HAE R T BRI
J5 BRAEYR A2 2 FL TR AR RN RN, B4 5 R DL ]
1, T FAR (RER ) AN HEAAR (R ) FIPA~ 20
PR, o, AR BRI FAE R AE TR
AR AR A KR A R T R AR AT n
PR MEE = SRR BRI R s, T 5 5%
T ; (B R SERAE B AR 2 ] 1) 5 U 4«

P B PR L
1.2 3RERH
BRI 35 o A L 5B R | A i A

POARMCIA = A FER B . B R RN T
PAZERBERLOIE P77 IR . S0 T ae S A N
£ 3.5 mm FIAMME 4.3 mm 19 & 60 B | o BE R 1
SIMEMITAE . B IR RCE R ER SR AL Lk
AT e, BV S IR T A8 1w , BT v al R
TR R, SRJE , AEEREE B AUHL L A TR
WA sk A i

BRAE S AR I ) B B B B — I
HCEAE S A A &R S O — v 2 A L
RO IEREDE RV TR R E o 55, SRk m
PR S ZEARR T R4 T T A, ] Ao 3 PR AE AL R AR
FEOR A7 — B ISR 5 SR, 78 2 PR Y s o838 A 5 e
SR A ST ZITE R RN IR T 0, IR
HuRAE I TR DS ST o & s P =y =R L ¥ MRS RIBI &
ORISR kg . R AT A BRBERL LRI EK
PRI Dy i M 55 BT HOR A R | AE 77 1
CMBPL-01 FHNB o5 FREHIETRALANE 2 FioR.

e

Ffil

2 BRUERAIRLR
1.3 ##

FH 15 ™ BT A Bk R AR BT A B4
Ay AP B G (TPU), b [ FE HA 7 4R 72 Y
J5- Sk RXTOOA B 7= iy, ‘B Ao — ol 5 A G 208 Tk
PRIA M TR R 38 A A TR B H B AR ik
AN T, AR R 199°C, 4R AR AL IR N
106°C..,

1.4 #loetr

SEU 32 B DL Bk P RE S S M I HR AR BE
RSN G, Sl i 7R R FE AR ) EARIE 7
AN E (WNE 3 B ), A R R JEAE IC R O,
(i=0,1, ...,6), SR MK IEA L (1) THE T 12,

G= 100%—%“00% (D

Horr, S, JEBE R bR 2 , 0 S BE 5 -4


杨超


80 TSR

{8, Sy A1 0 IELLFARIHE M,

[~ (-0 2
&—E; p I 2)
0=L(G+0o++0) (3)

B3 sRedi R
2 HOERIKE
2.1 FEEEIt

MEA BTN, A T (P) BTEEE (0).
PRI (] (7) AR RS (D) A2 5 M hiL i it sl ket
) FERZE, WP R B ) I EE TS
o PR FIR AN SEUE I R AR ) A
R, 0 SEGERIT « s8I S 4 ~ 7 atm,
BRI BE B 140 ~ 170°C, PRI A1 H 20~ 50 s, 47
fFEES 8 ~ 14 mm, R R BE AP AR
K, LR 1. RN, e R I8 S A AR
K PE 10 mm, B EKIEEE 23 °C, B EIE[H] 90 s, 1
Prfiy 80 g, WIthET] 2 atmy

#1 AOEXRBREZKAE

K- - I
P/atm 0/ T/s D/mm
1 4 140 20 8
2 5 150 30 10
3 6 160 40 12
4 7 170 50 14

BEFE L4 1 HIER R M3 T3 2 ik 5
Jr % AT A B MR 2 S it ], % ekt
BEJE I A VEEA TR S8 S50, 45 R IR SR 7E 38 2
i,

S BJAS BE JH k By B R ELE AL T 2 S
B, e IR 22 237 1 4 i S 56 PR 38 0 SR B JE 149 5
PERZIA B LU , AR 2 rh R , T g
T i 208 &, AR A TR 2 b 2% R, Horh B2
R B R, 75 192 PR 26 06 92 S48 4 1 S i A 1),
WA RLE I 3, N E A HR L 4.,

MF 3 T LUV ML A S RO BE T )
P 1 5% 000, FCDUF 2 R (Q) > iR ) (P)
> RUHEE B (D) > [R5 ] (7). MR 4 71,

2021 4F 55 49 4,55 6 #i
F2 HOEXRREARFIRIELER
g =] EES i JEL
TR — 0 T D B /%
1 1 1 1 1 80.95
2 1 2 2 2 87.22
3 1 3 3 3 89.47
4 1 4 4 4 83.51
5 2 1 2 3 83.76
6 2 2 1 4 88.18
7 2 3 4 1 93.74
8 2 4 3 2 93.67
9 3 1 3 4 85.69
10 3 2 4 3 92.58
11 3 3 1 2 95.26
12 3 4 2 1 93.27
13 4 1 4 2 85.51
14 4 2 3 1 90.27
15 4 3 2 4 92.13
16 4 4 1 3 90.23
Fx3 WESHR %
2 LE
P 0 T D
k, 85.29 83.99 88.66 89.83
k, 89.84 88:56 89.10 90.22
k, 91.70 92.65 89.78 89.11
ki 89.54 90.17 88.84 88.20
R 6.41 8.67 1.12 3.03
100 -
< o5t
#
g 90 - //\ ﬁ et o/é\o
i
B85t
80 ‘

P P, P PO OO 0T T,T,T,D, DD, D,
R 2 K-

K4 PHEMERR
W B UK R Oy, B s ) B St /K- Py,
PR B R IF K-y D, , ORI 8] ) S fef 7K P
Ty, BBk 3 BE LI 5] VR S A S5 &8 OPD, T,
FREA PR AR, 75 2000 DA B 2R 1 e AR R Y
Zh WAL EE 160°C, lUAYE J) 6 atm, i ffi i 25
10 mm, IIFAET[E] 40 s
3 REEXRRE
3.1 gt

RO IE IR T R A F EA R
(] ) 52 HL 2 AH S50 | 4% R 3R 2 B AR 58 el vy
(. FEVFZ S8 U9 ORA B — PR R XHE br A 5%
Wi, 4 PR 3R Z (B R S B B G E T . S 1 il —
AP v R ) R B i, DAIET 4 rp e e LR ok


杨超


ARIEHE 5+ T TE AR 0 T P AR AE Bk 90 A 3 81

SEESUE i ) PN BB EE BT T IE 23S SE 5, IR K
TN 4 Fion. AN, N T IE 38 S 5645 SR S A
TR R, R | R R A A R S = AN A
FRXTERGERE LI S e i i 2, R, FE A IE2E
SRS R T Bk = AR B B AER R,
LHIFASE TR 5. Hf, Ox P R
FEFII 18 BAEHT, O x D o AL i B s
RE B A2 HAEH, P x D 2 i s 1 FAL A iR 2
THAEH . He RTS8 2R T ER A S
1 MG ERPERE R S, 25 R FIRE D SR AE R
5 WM AELERICREERE 6 P,
x4 TEHERRBWEZRKTR

IKF RES
P /atm 0/ C T/s D/mm
1 5 160 30 8
2 6 170 40 10
x5 REEXREWARMKWER
SIS HE S5 HFE REJR 5]
% T 0 P OxP D OxD PxD T tE/%
1 1 1 1 1 1 1 1 94.56
2 1 1 1 2 2 2 2 94.82
3 1 2 2 1 1 2 2 95.68
4 1 2 2 2 2 1 1 95.61
5 2 1 2 1 2 1 2 96.03
6 2 1 2 2 1 2 1 95.36
7 2 2 1 1 2 2 1 93.27
8 2 2 1 2 1 1 2 92.59
Fx6 THEZLWREDSHR %
23 FZE 53 A%
0 P  OxP D OxD PxD T

ky 95.17 9519 9381 9489 9455 9470 94.70
ky 9431 9429 9567 9460 9493 9478 94.78
R 0.86 0.90 1.86 0.29 0.38 0.08 0.08

M 6 th iyl 22 RIS AT, 25 &R S HAE
AR X BR A RE AT 5 M TR ¢ R
BT 1 2 EAE ] (O x P) > B ) (P) >
BRNIR E (Q) > BURL IR Ay A i 25 1 22 AR
(O x D) >HI IR E (D) > 1§ IEmF 8] () A s )
LA IR BT 152 HAEH] (P x D)o U J3E A R
JE 70028 HAE IR bR B 52 i S5-I A 1)
BOAVERT . DR, AN A B T SZ A i AR AE
21 R LRI Q) (160°C ) LA R A I )
HIEVERL P, (6 atm) R SEHAINISEL, FEILG I
TIOGER, BRI B AR R S A R
KT WA [R5 e e 45 5%, AN Rk U Al 2
BAEWCA G, T NS E BRI R R s
M _JCRATELR WK 7,

#®7 BREERESKREFEN_TEEERER

(S 0, 0,
P, (94.56%+94.82%)/ 2=94.69% (96.03%+95.36%)/ 2=95.70%
P,  (95.68%+95.61%)/2=95.65% (93.27%+92.59%)/ 2=92.93%

T AL HD, O, x Py AR BRE K T O, x Py, iX
¢ WX T B 4l e L 4y ) i o, AR 9L B 1R B O,
(170°C ) e WA F135E L P, (5 atm) IS A
BT R R O, (160°C ) BL & MUY T ) i
P, (6 atm) S HAL A FIAE, B IR BE R i
I 8 114 28 A R SR A4 S P X B i K T 5
FIBAAE T . 5 e R R 4 HT R R B Fndir
PEBRYAZ HAE, e RIS £ 3 8.,
®8 MEBESHMEBR_-THEEmRR
EES 2) 0,

D, (94.56%+95.68%)/ 2=95.12% (96.03%+93.27%)/ 2=94.65%
D,  (94.82%+95.61%)/2=9522% (95.36%+92.59%)/ 2=93.98%

M 8 0] 1, 0px D, B F8 5 (H 5 K, 1R T
0, x Dy #EFrES 0, x D, $81H KT 0, x D,, J5FiFh
S E T E BN T RFT . (025 FRE) i8I A
BT T W58 B M X ok B B JRE 34 5 A )52 i) e
R OHASEERIEIEIR O, (170°C ) F1 P, (5 atm),
WU 7 AR 2 L AL RE AN Q, x Dy F1 O, x D, PIFH I 58
R, A SEA G N O, x Dy, AiFi e
BEEE D, (8 mm). JIAMATEET I BEHL T, (40 s),
220 % TR RN A s A 5 LA B R

S5 Tk, % e 2R 2 A) 58 EAE B IE 3SR
RIS EALE T 0P DT R HARALAL , 153
(4 YA PR 2R A e PR R 5 8 0 TR B 170°C,
B S) 5 atm, F7fFFEES 8 mm, PRIERTTE] 40 s,
4 JtEbo#r

BHORAH T ZSHMEERAA T LS
053 ) T S R sk A (e v 98 R R0 S 6, BRI
ARHCN 10 4> M THE A — A REAR 1 BE JRE 34 5]
PE. ASERPEREJEI SIS ULIA 5

Xif & 5 43 A1 25 G B A A 4R i
AR Hp R JEL 345 P o R A e /ML 34 HE B 1
AL AL, %417 58 (R BR A R JR 15 ) P 24 Ry
95.86% , 3¢ H AL Ty 58 T Ay Bk 8 BE JE 1 5 P2
H K 96.03%, Wi & Z [ [ 2E1H M 0.17%, J5 & IEA
P (HJE PN BEE I S VRN Jr 22 M ZE 5K, 58 B
AL By BRAERE [ 1 5 M 22 A0 T H DL f
HFFET 10.58%, I 38 B IFE A A A 245 SR 4 v
TR R EYE. B 6 I DAL AAS HAR,
el — R A BRI T 1R



杨超


82 TSR

2021 4F 55 49 %, 55 6 #i

96.40 -
s 9620 -
~
#H96.00 -
g p A ¥yt
9580
i
#
= 95.60 |
95.40 L L L L L L L L L L |
0123456789101l
SR
(a)
96.40 -
- 9620 /\\
xX
N
#H96.00 - f\/* / e
5 \4
@ L
b 95.80
] |
95.60
9540 L L L L L L L L L L |
01234567 891011
SRS

a— M AR s b—sc A
5 Rl REAEE LS 2P oA

(b)
a—TH D RALALREAS ; b—28 AR AL REAS
B6 BRUERT

5 it

Ry 4 v B FH R R 2 ol 28 JEL 34 S P DA R 4% 35K
FEREE RS FE I, SR O EASR R IR el T
16 L SC5G, A B 25 0 BT A5 50, 45 S 5000 BE JRL 1 5]
PERSZ I YO AR (Q) > AL T (P) >4
RS (D) > PRIEEE] (7). F5H2] T — 2 A E R
T OsPD, Ty, LA Ko B R 3R th B R AN Ko
— B T BA RN E L BAE A IE SR L &
RIS AR, R IR R A R DL R R iR
JE LA R 25 %) 28 BATE P X BR AR BE I8 S 4 ) 5
Ml B 4 o JFARAR T — 4B RIS L, AR S H0h

SRR 170°C, (AT 10 5 atm, S AR B

8 mm, PRI ]y 40 s, P4 IE 5215015 2 /Y

SR 5 AT BRI 5250 5 A e 31, X L

KB, S AL BRGEBE IR S VEF- B (e 7 T

HALAAL, 155 96.03%, Pi Z A2 0.17% ; {H&

P ZH PR RE LI B PR A4 75 22 RH 22 0K, R AREC T

JEFFER T 10.58%, WM A2 HAEAS IR B AL AL 4 R4

i T ERGEUR AARE T

2 % X ok

[1] Menary G H, Armstrong C G. Experimental study and numerical
modeling of injection stretch blow molding of angioplasty
balloons[J]. Plastics, Rubber and Composites,2006,35(8):348—
354.

[2] Mir H, Benrabah Z, Thibault F. The use of elastic-plastic
material model coupled with pressure-volume thermodynamic
relationship_to simulate the stretch blow molding of polyethylene
terephthalate[C]. AIP Conference Proceedings, Porto, Portugal,
2007:331-336.

[B] M5E  BRESUT 25 BEEEMIE [D]. Jeat : Jeatfe
ToRA,2017.

Fu Xuelei. Research on numerical simulation of balloon forming
process and process[D]. Beijing:Beijing University of Chemical
Technology,2017.

[4] BianJ Y, Jin G B, Qin P, et al. Influence of initial value of
transient time stepon numerical simulation of blow molding
balloon[J]. American Journal of Computational Mathematics,
2020, (10):266-274.

[51 XUt . ok A ML A B4 i AT 5T [D]. JbaT - Jbafk
TRE,2008.

Liu Xianchao. Research on the micro-balloon molding mechanism
and molding equipment[D]. Beijing:Beijing University of Chemical
Technology, 2008.

[6] Lalli D. Cycle-to-cycle control of the angioplasty balloon
fabrication process[D]. Montreal:McGill University,2010.

[71 Ro A J, Vipul D. Properties of nylon 12 balloons after thermal
and liquid carbon dioxide treatments[J]. Materials Science and
Engineering C,2013,33(2):909-915.

[8] Salomeia Y M, Menary G H, Armstrong C G. Experimental
investigation of stretch blow molding, part 2:Analysis of process
variables, blowing kinematics, and bottle properties[J]. Advances
in Polymer Technology,2013,32(S1):E436—-E450.

91 TAUL,ZEM, # & RIRE R T2 280 IR 2SR g


杨超


POGHE, 2 - 3T 1E S i B I sk g o e S A et

83

[10]

[11]

[12]

[13]

KAleAl D] H BT R AR R, 2017,23(13):22-23,132.
Ding Youjiang, Li Chao, Zhai Yunfei. Orthogonal experiment study
and optimization on preparation of bone balloon[J]. China Medical
Device Information,2017,23(13):22-23,132.
Dai G H, Zhang Q Q, Jin G B. A model developed for predicting
uniformity of kypho-plasty balloon wall thickness based on
the orthogonal test[J]. Advances in Materials Science and
Engineering,2020(6):1-8.

Wei H, Yan S, Goel S. Characterization and modeling
the mechanical behaviour of poly (l-lactic acid) for the
manufacture of bioresorbable vascular scaffolds by stretch blow
molding[J]. International Journal of Material Forming,2020.

doi:10.1007/512289-018-01463-2.

B, EHON, B, S . RA YRR ST T T 20
SRS [J]. MUAR TR 4, 2012, 48(24):19-27.

Jin Guobao, Wang Minjie, Zhao Danyang, et al. Experimental
investigation of extrusion process of double-lumen micro tube[J].
Chinese Journal of Mechanical Engineering,2012,48(24):19-27.

Madhavi S K, Hanuman N, Rao R. Regression model developed

[14]

[15]

[16]

using RSM for predicting withstanding pressure of HDPE pipe
during extrusion process[J]. Recent Advances in Material
Sciences, 2019(8):177-185.
BRI XA, BN, 5 COC Rt it i A8 I T. A28
HA [7]. J8H},2020,49(6):133-136, 142.
Shu Haitao, Liu Zhihua, Liang Shuai, et al. Optimization of
shrinkage and deformation process parameters of COC micro fluidic
chip[J]. Plastics,2020,49(6):133-136,142.
WEZEE , ORI IDERR R R T SO S e
TERYSZMBIESE [J]. TR L 2013,41(3):56-59.
Zeng Junliang, Wang Rongji, Feng Xiaoxin. Effects of injection
molding process parameters on warpage of plastic parts[J].
Engineering Plastics Application,2013,41(3):56-59.
KRS, e, 0PES 4 FETIEAS A PET R ik i
Pefkiit (7). hEZEE, 2020,34(6):73-79.
Liu Liangxian, Feng Zhihua, Hu Chunxue, et al. Optimization
design of PET bottle stretch blow molding based on orthogonal
test[J]. China Plastics,2020,34(6):73-79.

(EEET7TR)

(8]

[10]

[11]

[12]

Xu Baiping, Wang Meigui, He Liang, et al. Self-cleaning
plasticizing venting and extruding apparatus by co-rotating non-twin
multi-screws and method thereof:US,9174380[P].2015-11-03.
PRET-, L, W S0 . A A U MR ] 1) AR X PR 22 WA B L
LB T )77k : ZL201611127519.1[P].2019-05-07.
Xu Baiping, Wang Meigui, Yu Huiwen. Embedded multi-screw
extruder with low-edge codirectional asymmetry and its processing
method:ZL201611127519.1[P].2019-05-07.
wE-F, TR, 5T, 4 SRR 2 AR 1) R
FFBF LB T )% :Z1201510442207.9[P1.2019-05-07.
Xu Baiping, Wang Meigui, He Liang, et al. The same
direction self-cleaning twin-screw extruder and a processing
method:ZL201510442207.9[P].2019-05-07.
Yu H, Xu B, Liu B, et al. A conveying model of fluid partially
filled in a nontwin screw extruder allowing for a positive
displacement[J]. Polymer Engineering & Science, 2020,
60(1):151-160.
XuB, LiuY, He L, etal. Effect of centerline distance on mixing
of a non-Newtonian fluid in a cavity with asymmetric rotors[J].

Physics of Fluids,2019.10.1063/1.5049236.

[13]

[14]

[15]

[16]

[17]

[18]

Xu B, Liu Y, He L, et al. Numerical study of mixing dynamics
inside the novel elements of a corotating nontwin screw extruder[J].
Advances in Polymer Technology,2018,37(7):2 478-2 496.

Yu H, Xu B, Wu H, et al. A visualization of flow patterns of
viscoelastic fluid partially filled in a co-rotating nontwin screw
extruder[J]. Polymer Engineering & Science,2019,59(S1):E24—
E32.

TR, WSS, AR — i ] ) 22 R AT AT R T
¥ :Z1L201910349687.2[P].2019-04-28.

Xu Baiping, Yu Huiwen, Du Yaoxue. The utility model
relates to a co-direction multi-screw extruder and a processing
method:Z1.201910349687.2[P].2019-04-28.

Yu H, XuB, WuH, etal. Breakup of a viscoelastic droplet in co-
rotating non-twin screw channels[J]. Industrial & Engineering
Chemistry Research,2020,59:15075-15 086.

Taylor G I. The viscosity a fluid containing small drops another
fluid[J]. Proceedings of the Royal Society of London A, 1932,
138:41-48.

Taylor G I. The formation of emulsions in definable fields of
flow[J]. Proceedings of the Royal Society of London A, 1934,

146:501-523.


杨超




